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.9 , '47th Part of Report 'ffo. A. / s86i

be~g~ ,,* 3t VX W1•

by

14j, Keyes, B.A.

A. A A.2.11. Raft 57%1 %m/4/MJ.K.
W. 0. a. Raft 7/Aohý/2711/0t.
R'wiod of Toot i )ay$ 1952.

R . & D . I s O A H 2 *~

2nd Part of AAA/861/2 VX. 181 Coacpit 4X61ii a.3
-%r do 60 ft81 Hbndling at ths Design Aft a.G.Positior

4th " do - VZ.181 Handling Trials at the Aft C.Q. with
* ~Wing Tip Tanks.

5t0 0 do W VX. 181 8talling dIpands on Onnberra Airorpft.
6th VZ. 181 Further Coments on Cockpit Coamfor'L

- ' and nandling &rising from Castel

Benito Trials,-

Previous trials on the Canberra PR .3 VX 181 had indiocated that its
lateral and directional behtiriour might preclude the flyirng of ba oamma~te
oc~ass coursem mni ight wall adversely affect its usefulness for

photography In the am.vey role. Further mao-roma~nts howe ram been mado
to find the effects of height, airspeed,, and o..ifiguration on the luter&L
and directional boww*iovr %bteu either the pilot or the cutopilot vwoe
controlling the leirnrft.

The present trials showed that evon undor calm a-ir conditions there
were both short period oscillations and Paso genaral wiandare in honding
and angle of bank. The average magnitude of eacht of these disturbanre.
ot Mach nuakers near 0.8 wh1'-'-t the pilot was ott-'mptlng to maintein the
aircraft on a constatnt heading with wings loyal by normal usc of -.he
three flying eontrols wpe of the order of I 3oret though wnidiui valueos
of 2 degrees and above were maamrod. Tho effects of freeing the ruddnr
m3l also of ausing the standard atkut-pilot V1, 9 crc describod in the raport.

The affeats of the oscillations and wt'ndei'e on the aircroft's
usefulness in the surrey role hmv been discuissed in the rqWrt. It
would'uoom from the avictenoe Vrovido4 that most of the photo&"sphs
obtained under ocils air conditions with the pilot controlling the sicraftt
could be used by a survey intpping section willing to mr~kft Allovanoen
for up to 2 degree. of oasvrn tilt. In th.z.o ammi air conijitions it in
probable chat the line eCu the stcrndnad autopilot MV 9 wouild ann~bla tb's

ngle of tilt to be kept within the i dogroa considered by -'*he Aaiarionn
Ingineer Laboratories a-s the MLmt for ganart,1 trapping anvarago. AnyW
firther reduction In the, tangl of tilt, oith.3r to u1xft\ t.~e pr~jr~ent ~'.-Offiee

SECUR.I.TY INFOR ATION
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P01147 requitrr.,yiwt of 15 Linutes tilt !iizAt Or thv, ultii-ctt -7r Offio
tzrgat of 1 "ud~te' -LLC2Lt Or f0 MdIOw r 1J ftr CUlht Ir rou: .hvr air0o0ditionsp would ftjuiro furthir Iqrc )i~jAIt i&I oolltr.%1. Such IUVrov~mXntMPY bO givmn by .0% rv~difiad mntoi4J4,t N3,.9 or :)y the %uto;-.ilot MIC.10t~Ow b-inS 4uvolopeOp with or without the, mi o'L som nualn #jvic.: as the
auto-tckb~isr that h~is beoii cevolvad M PAS' for the- vlllz~n:',tion of an,*dnglbut it -Rx probab1li th-t crosoopic at-bilisr~tion of tha c.over-- tniry berequL.--Od,

This Ru~pert is Issuad vith the nuthority of

-, A'Contmtn, 41,LoI'$

ln4...t-,ts. .. .
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le Introduction

In the 4t~h part or hLJAM~opert N~o, 861/2, It, wyrs stntud thnt the
wing-Utp tankS WZ- worse th.on on Cnr~borrc% E2 aircrnft previoue~y tested
end precluded the flying of :mn accurate compass course. It was suggested
that the walowing or leutnh-rml ling' foune at inftoatod HAach nunb.'is above
0.7 might well adversely aftoot the photography In tho survoy role.

The more rocent photographic trials ?aad3 on this aircraft tit CaO3tol
Bonito tppoarod oni proliminory nnalysis ti. lc-nfiri this view. The pilo~t
reported that nt high altituteo tharo was a continuous dutch-roll whlich
could be only. partially stopped by continuous heavy prosiuro on the rudder
pedols., The tlop'o of concentration domanded from the pi~lot was such as
to teoks him vary -tirod, prr'tioularly by tho and of a 12 to 15 minute
continuous photographic run on n o anutant hoc 4ing.

After the return of the oiroroft from Castel Bonito,, continuous traca
recordings or afrcrr~ft hem ding and nngle of bankc were moade at Yrrious
heights, airspeeds, and Mach nmrbers in an attntpt to determine the
characteristics and magnitude of the lateral and directional oscillations.
These trials forta tho subjoot matter of .this-port of the report*

2. tmlM :lv ita y -bdstpz~

Thu uuasul terit.1 photograph measures 9 inohes by 9, inches. The centra
of it, acorresponding to the optical, centre of the cowmwre lone.. is marked
by a aross whi~ch is eo.%llei the 'P-rincipal Point '.- (soo fi~ro 1 (a) ) Four'
ether lines, at the mid..point of ea mh side,, wo cefled 'Collimtin~r Jork a'.
The five mWks-on.-.a*h rhotow~ah serve &a axas of reference in
correcting the image distanoos on the photogpaph to trutm Gintivnoses

The pht~ogpphs are obtained in sumrioo rnlnng porallel tracks,, the
aircraft courses and positions Mad tbe cr~rt.- opernting 3Lnterv.l-s bdin*,
s0 chosen thtat the photogaphs ovorlop, each other on all sides, tia 'hovm
ding, mtI Ir~fl3, In figure 1 Cb)

Idoally each photograph should be token vertionlly il'onwnrds, whilst
the aircraft Mlin straight and level cin t% ctnstant heaiing. To this
end, thes cemara is pro-sot on the grounC so that V Is verticAl when the
aircraft has its wings lovel. and In at an %ttitucte equal to -that, qxpeoted
to obtain during thvn photogpaphin rurn. Hwmvovr the aircraft Meviates
from~ these ideal conditi-nnw for sevaral rom~ons onf. the effocts owe
discussed below-

(a) Incorroct setting or the emornar from the fvre-vnd-raft vertical
iimeans that, the orea photorpanhed is in front of or behind the optimum
area, ts Iub~aw~tud-in f4.gure 2(a) wher~e t.he area B1 B2 b~ B or C1 C2 C
-0 to photomt'aphod ini-teed of A1 A2 A-q Ao,. ~1he poirab vartioa~2y beo ah

t~eshrornft is no longur at the optio~al~mnttri of the lons and this
ooMpiicates the calculation of true eyound UAatanoes and angles from the
photographic imagoo and angles.

(b) Oscillation of the aircraft In pitch 2oads to difficult5.s siriilar
to those desorSlboC in (:,)# It is unlikely that It will givo the added
difficulty of incrdlquaot fctro-wid-aft ovorlrappiný of the photogrnpha.

(a) Yawing of the aircraft without aocomipanyina bak or-uses rotaition
of the photo~raph a-z tb'.t points originall~y on the foro-c'nd7-art centre
line through tha optical centre r,14.'erx to be displnced from the line,
Thus the areea B.12 33 Dl4 of figure Z(b) in pho~toorphisd Inatc-11 of Lj k2

c3 a ed the object 0, origina~lly on thu forc-an f-t ountre 2~n . 1

it It will be va)prociatcrl that if =the amvir is tilted,, ;'isvit-%noes
on the photograpt-h e- not necoaasirily it~ply ~w-ul true t~viM rlit:.
this dopoodad on the *.oalti~nn ofr tho -.-nrVoulrr U.ntin in ro"lti'm to theJ
prlircipal Point. .-. ;rrI

t 1-* ;' ,- 11 .."V

l o -
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no :,-s~ lies on the centre li'ii X.n Y *This in itself does not
introjuce ýry errors but it is 4iI a;n a photog -ph. to distinp'uiph
bntween displae~ment of n point for this ranon n'nd r. dizpl!hCdrent £duo
to the aircraftt banking, whon a corructico to tho c!%laulv.tod distL'.noes
is required3 to allow for tho sahnt viuw. It should b.a noted tha't cý
slmilnr ap4'ororat rot:%tion of onch photoprrph rrvy ben r~r,,snnt whonover tho
Pirorrmtt is flyiniR in a' rross-yvind rolhtivij to th~j 'tr,.ck-mn.%do-j3ooW~ M~
the toe-rcm-onIft lino through the ajrerr-ft v~ill ý.'-cn ba rnt nn onrlo to
the trrck, 'though on thL, C-inborrrt PP.3 rirer,.%t wacns o"-u 1.rovided on t,.m
of the three survey or',nor-- inatz'fr.t ions. far rott.tion o~f thui or~utierr' into
the dlz'ootiun of the trnok-m.do-,qooJ.

( a) zking of tho airmfcr1t o-kusas a lslann of tho voauc
* photogrepho8 to either nift e o't~v intondod aorn. V~vk in fiGuro 2(c),

the nrect B P B B f or axiwz.qjl.., is photographed ins'--ar.d of Li A2 A3 A.Li.
Th3 aifficult5os iniroduoad nra those, nlrot% givon in'II!pnk1-grp (at),
ntmw3y the complicationi of the o-irreotions to d13trneeo.i but thore is rauo
thoe onfusion likely to vriso %rith the ynwing or'sc cons'idared in pmngrrnph (,

MTJio'iultiou duo to divorGenqos from the ±iddl not of, survey'
photogrr'phs oomc under two m-iin sections, firstly the oh;Nngea. that a
000W' botmin~o suooossivo photop'nphs -and which will make moro diffibult
tho moz'ryinct together at those photogrophs tond secondly tho long toim
chtngia that con arino botviban tho boeginnine tMd ond of- xsy9 a 15 minute.
su~rvey run, such as for instance two aflegodly parollol tr-.okcs on opposito
hordcings diverging so thrt fincllIy there is inaloiuroto ovorlep-ping~ of the
photor 'ophs in the two tracks.

This part of tha report tienle with thue a aio th-~t ew% occur bet%;.oen
successive photom'Xphs. Althou'qh oc"ch of tha diver,"ptcai (a) to Wd
abova miqht be oxp~cctod to occur together, ettentiob hrns boon concetrn.,ord

* on +he laternl and clirectionol aivcirgonoos which had alxec'dy boon the.
objects of criticism by tho 1ailotrm. To help in rettinp thu uurruot
parspootive of thoab tiivargenotis, It is irnportznt to know, tOe tibne intorv,%hu
botween ouccosaivo photographs. The fohlevinq t!bla givtuo th, tirm
intorvols in sanonds fo vmr'rolxs hoicghto Wn ground1 apeeds whon the V.49
oauora hlý tho 6 inch lens vhich In s ikly to be uscl in much of the survey
work ond a, 60(, overlap of suooossivo yhotbr, rpha is required&

eigh (knots) 200 300 400 500

Tim-int P1 - -oft_.

110 OC J 8 1 2 9') .8*

Wfia 12 inch lens these intarvnls nre Nr2yaa ond vdth a 24 inth
* lens hravc'd cgnine

3. Codti f-L~~rt iur to test

3.1 Conor'l. The v'.rcr.~ft vrns %.s d1uertiboO in tl~v lat i,-rt of' this
Revort. h n-: tr'nks used viaru 65030 (C.ort) rnd S-006 (strirbortd).

3,2 Instrwzntvotin. A ITuis-innot (A :10) rt~opr(Ix -3 ii-'eti ft r~iv'

continuous trmcoin cf th~ah~nrom in thý :eirorf-t/ i'Rfigle of' br.n~:-
indicatod by' aoCrnmn 1/.10 B rayrozeopu (Vor furt~j: .!ut'411; sea 3ri po~rt

A V
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of Report AAL/66). The rocozd.n wr3 Is v•t to Civc a trac. length of
opproximately I mill•m•ter per seoond', nnd tr-nnsworsa sca•lo aisplaoemonts
of 21 rL11inctreo por ,igreoo ohwgo of hending or ri31* of boank

It shld be notod that the gyrosoole remrinoe "oao.o" until th)
required trlmnd conditions had boen roaochee., with the aircrtft flying as
nearly an possible on % constant hoading with zero bank an indicated by
the CB oo•Vsas end the artificiLr horiLn. Tlj j•'rosoope wns then unoaged
.fo thm single tvt mil wr.s then re-coniC. The unaMing of the fromoopo
occupi•e mom 2 to 3 seconds And it wa ifn- 'ssiblo therefore to assert that
the apilment zero eatm. showing on the Hussonot reocrdines did in fact
oorrespc•nd to zero angle of b*k and zero chnge of hod.ing, oven if there
were mens of moamming those angles accurately in the initial CortulY
trimed conditions,

The preooesion of the gyroseope vme assessed by bench calibration an
causing a&porent cuinges of I degroe per minuto to port in headin3 end
1/5 aeroo par minute to port in anglo of bank.

3.3 4rcit2t jns. The aircraft weight at tUko-oft •h•n tip-tonks
were ltted wase }3630 3 lbs., with the C.G. at 0.247 S.0.C., undoroearria•
downs, (0.245 S.K.C., wiaoroar•iago up). The corresponding values with*at the tsnkc
fitted wore 38,090 lbs. one.. 0.246 S.MC. (0.244 3.M.0. untleroa'riago up).

The design C.0. ranges, undororriage down, was 0.211 to 0.30 3.1.0.

. Saoe of tost.

All tests were Wa.o in stoedy triumd lOVdl igt unor or c alm
conditions (-Ith oocasiona porinods of turbulence) at indicated IYch
mt ors (IL.N.) of 0,7 to 0.8*.

Without wing-tip tcaks fittod, the touts were uMdj ot 10,000, 2.q000
and 459000 foots with.thu pilot nttopting to oLantrin the airoreft on a
constant hcrting by thetnormal use of ol.urons and ruddor.

With tip tanks fittod, the tests woro made at 25,000 and 45,000 feet
only, as at 10,000 foot the limiting airspoad for ,his oonfigtwation would
be oxcoedod at the Koch number3 considered. The tricals at these two heights
viore extondod to find the affects of using the tAk,9 nutopilot and nlac to
determineany olunes causea by the pilot lerving the ruddor free an4
controlling the herAin:! by ailerons alone.

50 Pasults of testit

5,1 General. Photogrnphio roproduotion of the Husionot trame
recordings or vaen in figuros 3 to 9; the•r havo booen reduced fot life-
size in the rutio 2.45 to 1, except for figuro 7 which was reduced by
w,62 tu 4. It should be noted that at the start of ench record, the trnce
of nairoeft headina is &bovo th-t of agle of bank.

The traews show that thoro was a fundaomntal short-period oscillation
in both heading and bank, eaoh cycle occupyin. some 2 to soeoon-s. In

addition there Wro more random mvomants in heeding and bank, whioh will

be referred to subxequently m General directionol wondor mid generol latcral
wander respectively. It should be noted that, in giving themagnitudes of

the3o wanders, the short-poriod osoilltation has boon excluded. /The..

K At the foot of ooh rooord ore dots whioh oor Tmde at I soond intcrvais;

every tenth dot is omittal, an that 10-socond time periods Pro readily

dliscernible.

,To obtain true Uooh numbors froin indioted Hoch numbero for th3 spoods

tested, odd 0.005 at 10,000 foot, 0.01 at 25,000 feet and 0.0Q. at 45,000 reet.
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The tests wore m•do in norninnlly crlvt rir oonditiona, However
patches of oloar air turbulcneo Yoro iot, ovon at 45,C00 foot, and the
corroaponding aiall suctiona ofe itidividu-n rooorde havQ tcoordingly boon
omitted from the analysis. Any valuos given bclot owo thorefore be tolkon,
ar appint-coln air conditions.

It is emphasized that the oonclusions drawn in t;i roport are derived
by visual intorpretation of the various curves obtained from the Husnonot
trwo rooords. No rigorous an•'ays by stntistibal nwithods has been madOe
nor hJa any level of signifie.neo been asotibed to the oonolusions.

5.2 Short-.oriod dirootional osoillation. The magnitudes of the
ouoillation in the verious conditiono of flight are given in Tables I ond
2. Two values weo given, one the avoroago as assessed YitevJly, the other
the mwziimu ocourring within the 2-minuto period of the record. Figure
10 mmwrinsa the information for the oondition when thb pilot woas
controlling the aircraft by aileronsf, rudder end elevator in on sttoemt to
maintain level flight on a constant heading,. It will be seen that there
was an increoos in the rxaitudo of the oscillation with incroeasing Maoh
muorpre• matbly bounusa of the masooiated inornoso in eirfrwmo buffeting.

TIx main dotails o' figuro '0. ore reproduced in the following, toble,
the vOjes1WrIgg#von to the nearest quasrtOr ofiL dogma. The Maoh numbers

"shown do not represent the limits tested but are ohosen as being valuos
tested ftt ail ratituAes (slight extrapolation ii huwevor roquirod in ono
instmnoo).

Indicatd Doublo-amplitude of
Wing tip Hoight ••ah oscillation (do cas)

tanks, "feet) number I Mcix.•lu.n

10,000 0N?2 0

0.7§

07? 25,000 0.72 0

_ _ _ _ _ _ 0 .7 2±

25,000

0.72 _ : .'1425p000 :

0.79 I

The corrosponding vrauos obtained with other forms of oontrol have
not beet inoluded in this figure 10. NIovertheloss from table 2,
concerning flight vdth f-tp-tnnks fittod it mey bc 9een that when the
pilot war controlling the ircraft heading by ailroM only, loaring the
rudeor froo, there appoerod to be no appreciablo channo in the mngnituado
of the oscllo*+ion r.t either 25,000 or 45,000 foot, the only two altitudes
tested iii this configuration. When the aittopilot M.k.9 %-s usod, thuiu
was little alknge in the magnitude of the oscoillAtion nt 25,000 foot but
there rA- appmrently soio reduction at 45,000 foot. A0 0.735 inaientod
Mach nurbor tho roduction cotutlly o)btained --ra fron P to -.1 in twor,1,,7
value and 10 to JO in mr3nd. valuo, •nc• at 0.74 and 0.715 indioatod 1&ch
numbers the esoilletion was climinated (O6igiwlly n voerago -.nd ,P r.•xfryw:.
value at o.toh speed). /Tho.....



The effoct of air turbulcnce upon the oocill.tirn ctn bo clea•ly
seen from the Hussonot troces, the corresponding pWriod3 being indc.-ited
by the letter, T.A. Whon turbulonco was zuts thoro was cn iaivdiate
inwrnrso in Jhr ulitudo of the oncillation, maounting in some inet.neos
(for Icxa'ple ' ::iguro 5(o) )s to a doubling of tho criginal AVUtude.
After the turbulence stopped,, it seemed that it took some 5 to 10 seoonds
(2 to 3 cycles) for the oscillation to return to its original level.

The period of the osoillation varied with height &nd Mach number.
The values are given in figure 11 for all the configurations tested. At
IOCCO fee+ the period per cyole varied from 2,3 seconds at 0.77 I.4.N.
to 2o6 seconds at 0,70 I.M.No; at 25p000 feet trom 2.6 seconds at 0.81

.34N.' to 3.1 seconds at 0.71 1N.; at 45,000 feet from 3.5 seocnds at
0.805 1 N. to 4.5 Psoonds at 0.715 1AN.

5.3 General directional wonder. hroh ,sch record a new trace was
prepared by eliminating the short period oscillation. The general direot-
ional wander was then assessed by the variation of heod•ing as shown by
this moditfied traoo, within a time pearod dopondent upon the osmers.
photoprophing interval.

Indicated Mach numbers of 0.70 to 0.80 correspond to true airspeeds
of apprcdmteloy 45 to 515 knots at 10,000 feet, 425 to 485 knots at
25,000 feet, and 410 to 465 knots at 45,000 feet. To reduce the oo,•utat-
ionel work, mean speeds of 480, 455 and 440 knots have been considered at
the three heights respectively, giving appropriate camoia interrvls of
8, 17 and 34 seconds for the P.49 camera fitted with the\6 inch lens.
(for convoniance in onnlysing, 18 soconds was used at 25,000 foot instead
of 17 soonds).

The volu- of the heading was tokon ot 2 - socond intorvals of the
record and the ohma jo of hoeding then found for each period app .priato
to the camera operating intorval.' Thus 't 10,000 foot, the change of
hoodin .was found for each 8 - seoond period, n ly 0 to 8 seconda,,2 to
10 seconds 4 to 12 seconds and 'so 6n; asimilnrly for each 13 - socond
period, at 25,000 feet and X - seoond period at )5,000 feet. Each rebord,
trentad in 'this way gave some 50 seporato periods.

The average change of heading between saooeasive photographs in
shown in tables I and 2 and figure 12. In addition, figure 13 shows the
iwdmsa chango of hoeding likoly to oucur on about % of occasions; this
was fmwilbytoking-the amverago of the maximm threo values occurring
within tho approximately 50 intervals conoidered in each record,

The figures do not indicate ay increneo in directional wander with
incrcuaing Mhah number. Indeed, it might be inforrod that in several of
the eonditiu-no tested thbre wu.s a decrease in wonder, though the number
of toots was insufficient for definite conclusions to be drmm. There
qlso seemed to be an inoruaso in wander with height but again the evidence
is inoonolusive.

The main dotaile of figures 2 and 13 relating to normal pilot control
ore summorised in the follorring table, the values boeig given to the
nearest * degree. The mach numbers shown do not roprosent tho 1LIts
tested.

"/•'ble ......
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dIncdated, Change or h•oatig (dogreos)
Wing tip H•oight Mach betwoon successive Dhotoaphs'

tanks. 0 2L1L.t mFL.q

OS 25000 002? .i...~...

C *P 5,9000 -- 0-:2LL..
-o- - , - 2- -- ~0.79 t

25,000 0.72 .
1 0.72 2

259o0o P. W Ii
C0 0.79 7

S0.79 ! 1

It can also be seen from figures 12 and 13 that when the pilot
allownd the rudder to trail free the directional wandor wve in general
no worse and was usually somwhaI better than when the pilot attempted
to hold the rudder fixed. On the other hond, when the autopilot 1Ak.9
was oontr j.1z1ha aircraft, the wonder was generally somewhat wo?.Be
Ah in either of the other t% o conditions considored.

5*4 fhrt-wriod l•teral osailla.tion. The shekt period latoral
so~leatt.'a wcs more difficult to an o than tb3 oorrosponding

dirootional oscillation. This wts primarily duo to the faot that the
movements of the "Lloron by the pilot, eithor in stcering or maintoining
his wings lmmlt ga've changas in wrlo of bank of the first order of
rosponso and magnitudo but ohangos in heading of unly a secoond order. The
short-poriod latoral 6sofllation won accordingly cvcrloid by the chai.-,
in anglo of bank deliberately opplied by thu pilot and, to a cortain
etent# woe obsourod by theme

Novertheloes an asscsmont has been attempted and the values ore given
in tables I and 2 and in figuro 14. It will be seen that, as for the
directional oscillation, the amplitude increased with increasing Mach number.
Furtherore, loeving the rudder free did net matorially change the magnitude
of the osoillation at 25p000 feet though it may have given higher maimu
velues at 45,000 ft. Use of the mutopilot causod no change at 25 000 feeto
but gwve a mrked imirovomont tt 50,000 foot whore at 0.785 I.M.A. the'
Vere and maximum" velues of the double aii litude were roduced from O

and t 0 respeotively to wero.

The main details of figur,. 14. have been msnorised in the toble below:

/T.ble......*aof
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I Thdicotod Dou~ble.~ lit~u63W~
WiLng tip IHai tht Unc~h 08oao4l-atlcn (dOrrVaes j

10, 000 0.72 fe

0"25,00 O. -

1,50000 7 kL 1 ....

25,O000 07

5. Sqgwbrslateral wander. The mnlymis to bbtoin tv.i gotijral
lateral wandor was oorried out in tho ae roay M. for the directional
wander. The valuos -arc given in tables I Nid'2 end in f~iguresi 15 and 16,
the tormr figure givinLr th vraeolg f an of' lbt* between
succussive photographs one. tho~le~tor the raxuW~r- ahm\ lu~koy to cocc'
on 3% of occasions.

As with the gonorra 4ifroctional. wandor. whon '1:i pilot was controlling
there woo no evidence of nin incractso in -mardrjr w'.~h inrcarming Mach number,,
nor in this ease was thare amy rotiooablo !.ncireas-i ý.ith h~ight. Average
wandars of about 10, Ymor coswvn to KUl hni?,hs, X.chb mumors and contig.
urations, and the mw6Uw~vazi~ues war* in gnoro1. boT%*oon 20 an 4ie. Whilt
it Is difficult to draw dofinite oonolvus! oria ovini to the eoat+.ez of the
-test reumatesgnevertholoss it npponrd. that whr -I.*o rudder mas l.oft tz~aee
there was no marked chang in the magnitude of the wonder at DIV 4voii
height and. spoo4 but there was a noticeable roduo14.on when the autopilot
wasn controlling the aiz-ortaft (roughly' t. reductirm from 10 -to 10 in

Mvrage wonder (An from~ 240 to 10 in mtridzmu woridor)o

6. pibousio ot resulta

6.1 Ifeto a4inz c n the la~tgorQ_*.ar dirootional distorbonoa.

The mVUtudes of the lateral and direotional siort-poriod oscillations
increased witt. increasing )MAoh numbor ovor thoe moadu tested (approximately
0.7 to 0.8 ltdicated Xach nu'Ter). It is possiblo that the increase Is
associated with the davelopcont of sirfraro buffetf.ng which booomsa
notiocable at about 0.76 IJI.NH though there ine littlae oddenee in
figures 10 me. 1% to uubstantisNe this theory. Thu porioe of the
oscillation docronasd with Increasing olach nuibor (soc figure ii).

/The .......

* nyvalue anelyoCd in this configmration.



The genora 'wondors (excluding these short-pur.lot1 oscillations)
seeied lto be indupondent of Mah nm .r. Pr.zbly bocouse of insutficiont
test data, sowe of the rolevant fiuros shoxy an oppnrent incroc.e in
wander with Incrensing !bch nunbors, whilet other fi6wvs show tho reverse.

6.2 Effect of altitude. The oaVlitudes of the s'iornt-.riod distur-
banes appeored to increase slightly with incroasing rltitu'e.

The increase with altitudo was• ro %vporent with the general
directional wander but it should be remobuzrod that the intervcl betw9ion
successive photographs in'reased oonsidorably with rltitudeg frOm 8 seconds
at 10,000 feet to Y+ seconds at 45,000 feet. There wias thus much more
time for e divorgence in heading to 4evelop. On the other hane' there was
little dWfference in the lateral wonder vrith altitude; in this 088e of
course, the 11mr-yeriod considered would not be expected to affent the

-wander ap•reeiably since the pilot would in general be much more conscious
of chanpes from a correct lateral level than from a correot heoding.

6.3 Effoet of ffitt:pz win$-tip.eks. The fitting of w&'i,-tip tanks
did not appear to 4ter-the a.pitudos or purio•s of the short-period
oscillations or affect noticeably the mviit't,.es of the lateral enM
directional wanders. It is important to note, however, that the p-Ar of
tip-tanks used in the present trials did not a&po'ar to cause any mterial
deterioration in the buffeting oharacteristios at high Moh mzberr, whereas
the original pair of tenks used on the photographic trials at Castel Bonito
caused an soreciable rleterioration. On occasions the buffet with the
original tonks was as bad at 0.75 I.14N. as it was at 0.79 to 0.80 I.
with the later tanks. It may well be that, should the tanks in sorvUie
deteriorate to' such a level, the degree of buffeting rdi•ht material.ly
exceed that found at a partioular Mach nurer during the present trials cnd
accordingly the zzgnituda of the short-period oscillation night also be
incroased.

6.. Effect of leaving the rudder free. As noted etw3ier in the
report, the osncllations and wanders with tho rudder free (that is, the
pilot's feet off the rudder podals) were in general no worse, cnd in fact
may hm been somewhat sma3ler, than when the pilot Alcaed hard on both
rudder pedals. This is oontrary to tho pilots qualitative asseesment as
the pilot mm convinced that be. ws aehieving soma itrrc-ements by applying
continuous firm pressures to both ruddor pedals.

It ray have boon tha*. there was sowo sympothetic movomont of the
rudder duing the short period oscillations ond that this wris opparent
to the pilot -as slight rudder bar movement. In faot, the pilot could
detect a•tbb•i• chanmgo of pressure in the two rudder pedals. When
however he applied firm pressure to the ruddor peMl' and Prevented this
pedal movement (as in fact he could since the rudder was! fairly light
about its mean position nnd, because of its sprint-tsb, iad no ineoefm-
preesible connection with the rudder ped&s), the rueeor \was still
oa~pble of umovements against the restraint of the spring t.ab torque tube.
Although som chL•ngc in amplitude and perioe of oscillation might be
expected from freeln" the rudder, no hange could be seen frcm the evidence
so far presented.

It-would appeer however vhat in any futuro *#ork on this subJect a
continuous reoording of the rudder position is dosiroblo. This would

provide evidence to AlteiZe whether the elubt-perind oseillation is
materiallY affectod by the known lightnuss oe the rudder over smw.l
displa iments.

/6.5 .. ..... •
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6.5 Kfr'ft 'f uui!! thg nuto4. oUt._1k. .L omntionud vruvioualy
in thb opproprato naotionn, thw usu ofttET outopilot A'*.9. h1z little
effect on the latcral or (liroctinnal esiort pczrLod oscillations At
25000 ruet but gove sowi; wiam nt a.t 45•,000 foot, when ooa)orod with
the oorrotpnod~pg nditiona under pilot control. Tha -onorra directional
S.... w wit• o -autopilot in uni woC r,6thhr wtrtic -t both ratitudoe but
the generol lateral wttnr ws nvtioo ably los,, "

It is intoroeting to note thftt durin.' the phztogriphi survey triFls
at Costel Benito (see 6th part of tias Report for h-ndltng nspoots) the
biror,'tt wo fitted with a utmndmr-l utopilot M1Co9# This woe criticloed
on two oountse Firstly it w"s difficult to etuor oowuratoly onto a
course as the aircnrft oo,,1'ieilly Sottle on to r. uourso actio 50 off that
inteade4t this otn be pmrtilly oli-e in'%tod when the pilot has
had oonsidorablo practic.o w4th end experionco in the use of the autopilct.
3econdly, when the s•rcrfte wvs finally running on courae, Wy disturbnnoo
of the ,i'roraft away from it. initial conditions of bank enA heading wan
more ercus when the eutopilot wf,. eontrollinn than when the pilot was
Pontrolling. Iftor n disturbanoe, the piiot appliud oorrcotiva action an
quickly as po'-:.iloa, .uffiulont only to rostore letorally level flight
on tb, original hoedfrg; the outopilot hmweer usAlly overoorreotod and
the original required conditions were only regained after two or three
daoad cycles of oscillation about thoue conditions.

Subsequent converestions with the Autopilot Section of R.A.Z. have
shown that they are fully aware of oertain defisienoies in the standard

k.*9 autopilot for the high-altitude survoy role of the Canberra. For
inatance, the rudder spring-teb has a natural frequency of vibration that
Induces movement of the roll detum pendulum, thereby lenAing to iferfact
stabiliuing in bank. The spring-loedod knob of the outopilot iontrols has
also been critiocmed as giving insufficiontly precise oontrol of the
ootaatisn. Modifications have boen mrdo end further tests =a being
carried out to assess thuir value, In the moantinm work is continuing
on the ko.10 outopilot which is intended for use in tho P.R. Conborra;
this will embody a pro-met pointer ond a follow-up moechanism so that a
eo,,e., ean bo po-e-eleoted tend the unit will then follow up and lack bnto
tbb ,.hosn conditions of heading an n abn!:.

In addition, R.eAs. subauqunntly stated that tlh prtioulnmr autopilot
used on the trials at Coetel Bonito was sluggish obout the roll 'dotm end
affirmed thnt this wright well ceuse the onr-oorroetion that wnas found.
It was also stated that a ftuy scrvieeoble unit should not suffer from
that defeat end should be capable of detecting and suppressing na)l hort
period oscill,•ions, including the short period ono of this report.

The present eories of iomewenonta were ude with r standord IGo9
autopilot. It In interesting to note thot, despite the claims made tho
outocilot Md not eliminate the short period aec£ietion (see the tibet
pare#,..'oph of this sub-soction). Nor wns the period of the oscillation
ohan,.-'I (so far as can be ceen from yresent evidenoo) as uight hove been
e w, • 'rom tho introduction of the outopilot into thw control ciruits.

k•mw.1 diTscussions haws boon hold with morbore of tho D)irectorate of

kA .;r -Byurvey-Mirtho Coloninl Survey. These h&vo shown that it is
difficult to ascribo siMply an upper soopte.blo hIut to the tilt of the
camerr from the. vertical. fherest 20 is usually regerdod os other 3iAt

under peap-time conditionis Iwhen tim is nmt an ovor-riaing factor end

correeationr for tilt can aocordi.ngly be incorporated with morn loss 'f

time and effort, no such limit c•n be rdily neoribuA to similar
photopapth under war conditions. It may -"e l bo noecssrry to aorept

pho'ographs that wre below the nomAl unable etendrrd bocause ".aathnr

onnd1tionx or enoMy remotion medko it unlikoly that bottor onoe ril be

'I •-n....
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obtainad within a usenil time; on the othar hend n higher standard may
be demanded if usnbla mnpm ore to be prcduced in t-z' for their uLL.Ltary

Certain requirements were laid down in "War Offieo Policy Stntomont
Po. 33 (Air Survey)" dltod 3r4 August, 1951, nrznly that it should be
possible to stabilize the ctnarn to within 15 minuteos of tilt from the
vertioal •nd preferably to within i minute, such anglos of tilt to be
recorded by an automatic observer when each photoraeph wrs token. The
Am eriomvlow-n this requirerent, given in their "Comments on daft
revised War Office Polioy Statement" issued by the Engineer Reseorch V.0n
tweelopmont Laboratories, FPort elvoir, Virgini..on 16th April, 1951, wes
that comera stabilissaion should be within 3 minutes for precise photogom-
metric plotting without ground control (that is witlot any supplementary
grounC siwey measurements), but that ;. I daree iis considered sufficient
for general mapping eoverage.

Yhfwn Are than throe standards against which the lateral and direotional
stoodiness of the aircraft is to be measured, nomely the + 2 desrtes of
tilt at present tolerated by the map preparers, the + I degree onnsiderbd
Sd enough by the Americans for genoral map oovrw , and the + I or 3 minutes
considered a a desirable target for future dmyo lments. Thtrulgle of tilt
is of course a eoobinction of the angle of bank and the angle of pitch, the
change of heading muroly displacing the oontr•O of the photograph further
from the man trnak of the airoroat. In the peArtioular o.-se where the
camera setting toe' fore-and-oft vertical a3.ipmpnt is corraot, thle 06ile
of tilt is eorreotlyreprasonted by the angle of book. Unforitun•e.y,,as
explained in section 3.2., thu liaitotions of the measuring oystom prevented
the diroet streblahmnot of the anglu of bmk from thij hor 4.2ontal t'm. "'h.

concept of chango of .angle of.banm botwoon suooessive pho;o,'oipha had to
be used instead. IN is then no longur possible to easses the airoraft's
behviAouw directly LaginRt the nngle of tilt reqtuireoment-% but som
easeisuent o6n ba an•,e if it ts ssume4 th-,t the firat photograph is taken
with cewo bank, %fen the mhmo of tngle of butc to tho nor.' photograph
represents the tilt at that second instant. (This method Sives, of course,
en optimistic result when the irLor-ft is b:dcos1 in on. direction ot the
first photograph and banks further in that rl~roOtion for the second
photographl li.cewiso r ponsind.otio rosult =ril1 bw givon whun the airc•aft
betwuen photographs reduces the initi, l ni•n1, bank tow-d. sero,
possibly reaching opposito brzk,)

To help in this assessment figure 17 has bofh properei to show the
totZ changes ii angle of bank that orn be .xpeote between sucoessive
photvp.aphs from a combination of the short-peril, \osotilmrtion and the
general wander. *The figure gives four bonds or :oms YdtlAn which the
change of bank may be expeotil to lie, the upper and lower limits at
each band representing the cases where the short-perioA oscillation
respiectivoly, augments and reduces the Senoral .:mndea. The b.nd A in the
figure givos the combination of the evrore v.'luns of shwt-poriO.
oscillation rand Genmral wander, and aceordingrly rjpresents thu lirts of
change of angle of bank that ocn be expeteAd for the maJority of the
sumrvy photograph,. Occurring loes frequently will be the oeae cov-wod by
bands B rod 0, formed by combining the average value of one mvm,•nt with
the momxm value of the other inuement. Evan 139a frequently will oocur
eases represented by band D, where the inaxiU of both rovemonts ombtina.

The tiOge tas prepare, for the aLror•ft fitted •,ithout wing"tip
tanks, but, ftom the ovidenos eadrary givcn, .;, oonolusi!.5s should, apply
equllayrj-frta aircraft with win.-tip tanks. It enn be eLen th-t, when

the pilot was c.antrolling the airor'ft by n=L..l usc of tiloron and rudder,
the averaige ohansm' or~ ba~nk (band A) did not exoa-. 2 e~oeros writhin the
sp•oeda nnd heights tostead. On the oL W r han], oe."n .,f .".. i

'-in-exuess of 2 dorouoo Gould be oxpecotd, V1tAaw2V *. th. hi:)"'r



altitudess though such occurrences woule, be rul..tivrly infrequont. On
this avidonoe, it anpears thAt rtst of' tho Put-vdy photor".pjhs could be
used satisfmuturily by tho m-p pr,:2rrors .r.d.ing undeor rpaco-tirl
conditions and probrbly nCso undor c.r-ti.• uonditicns but momsional
excessivv angles of tilt tidht mi'*o sovoar,.1 - 'Cups of T~htoq!".'hs unusabla,
theroby il wadin• a raroat sortie. This in r.uch wro probabla if it
should be decided that nnly I deraot3 #1f tilt can be '-cceptod, as the
average ohmngo of bank oould be equKl to or Ltreater than I dogrou at all apoeda
tested at 25,000 and 45,000 feet and only slightly bslrZ, I adoeee at
10,000 foot. Considerable iproyvant wns obt.%ined at 4ý 000 •oet by use
of the standard nutopilot )k,9 Amn on thu ovidnce givon 't seems probable
th•• the averago tilt could bo kept within the I dsgeoo limit. Flrthor
Improvement is also expected by R.N.R. as a result of modi•ication to the
gyroscopo and the autopilot control (see section 6.5) andr later by the
introduction of the autopilot MA.IO. Unless oonsiderrblo improvetment is
obtained howovor it is probable that the 15 minute limit of tilt wil be
exceeded even under calm air conditions. It may well be necessary to use
so device such na the auto-stabiliser now being developed at R.4.. for
the elimination of snaking,, but whilst this might materially reduoe t4e
short-period osoillation it is not omrtein that it would have any effect
on the long-term general wAndw or the sudden ohanges of bank and hending
that would ocour due to gusts. Iampovement mWght wiell
be obtained with groscope stsabil•sati,: of the oamera, though this would
necessarily be a oonsite-sble omplioation --

It aft.lLrdIroble tkarefore that an investigation be made into the
limits of tilt as 1aid down by the War Office Policy Statement No. 33
(Air 8urvey). It its requirements are acoepted as realiatio it mY be
necessary to fornlate new requirements on the damping of the lateral end
diroetional short-period oscillations.

In conclusion, it must be pointed out that there is no reason to
suppose that, so far as general wonder is concerned, the Cenberra earcraft
Is an worse than amy other arornft for survey photorphy at high speeds
aW eltitutes. No similar masmrements by the mathods of this report hawe
been made at this establisamnt on other arocrttt at high altLtude, s.'hcro
difficulties in maintaining chosen courses are tcy be expected bocause of the 2m
Indicated Airspeeds and low damping.

'7e ,onaleluonot

The present trials showed that even under colm air conditions there
was a short period osoillation in hoedair and tn;lo of bank. Both the
period (soma-2tcr-4ft oconds) and the magnitude varied with Mach number and
altitude. In- oidition there were general wanders in heading and bank
that appeared to be Independent Of Mach nuber nd, in the c0se of Angle
of bank, alsa independent of altitude when considered over periods equal to
the time intervals between successive photographs of the P-.4 awvey oaM'
fitted with a 6 Inch lens. At Much wbers newr 0.o8, the averae moagituaes
of enob of th* oscillations nn- wan•esr was of the order of i dopeo,
though maximm values of 20 an *bove were masured 6U under calm • r
conditions whilst the pilot was &ttomptIn to m tino tn the aircraft on 0.
constant heading with wings level by no01 use Of the three flyin
controls, The effeets of freeing the rudder and also of using the standtrd
autopilot mik.9 are described :.n the report.

The eoffets of the Oecil.llatincs ma wanders on the -4retatt'a useful-
Dess in the survey role htve been discussed in the report. FrOM the
evidenoe provided, it •woAd seem that moat of the photoe, pha obtedaed

under ca3m air conditions could be used by a survey maalpping section
under pot v-time oonditirmna and probably also undcr wor ,onditions when

the time cllo"wed for map p,opmration may w11 bho curt-tlode. It is

probable th.t thu olosor limits of fkving izM~iea by the restrIctiOn of

__ .--.--- ~/ ..--.--• • --



the PerMiasiblo anple of c~moro tilt to I dograo could be rat under ceam
air eondtiofts by using the t.nndaord .n+.•pilot 2;3c.9, but arny furth:r
reduction in this anelo of tilt, either to raot I.Iar Offico polioy
rey±reamonts, or to o3low a nargin for flight under non-cc3z, a±r conditions,
would require further izprovumunts in control. godifications to give
SIirovements in the standard autopilot W.9 wro being dovelopod by R.A.R.
pending oouilotion o±' thu outopilot WO.tO intonreod for tho airoratt.
Neverthelless if, de.nit the known behmiour of riernft at h•gh altitudeth War O peirst ih'thoir\qui.Uemei,'9 to restrict the camors tilt

to 15 minutes and ultimztely to I minute, then it is probablo that gyroscopic
stabilimation of the omera will be roquired, possibly ootqlo with the use
of saw such device. as the wuo-stabilis•r nw, being tosted t R.A.t . for
the elimination of mnakrg.

(a) Arr".neneýt are being- mdo for the M)ractorato of Vilitary
Sutay to study the photogrphs obtnined with the *Lrt'oft on the trials
at Castel Denito cnd prepare maps from them. This will help ftreotly
in the asessment for pe.aotlme photography in the survey; role.

(b) Tests should be rMe with the outor1lot 4.9 in its wd•fiod
form, if there wre indications that it in any bettor thmn the stanaddr• . 9.

(a) An investigation into the limits o•' tilt as lWd down by the
War Office Policy Statemet No. 33 (Air Survey) should be undertakeo to
determine whether the requirements are realistic in the light ,Of thi known
behaviour nf aircraft.

(4) 2t may So'noooeahry to formulate new7 requirements on the da*,ing
of the short.period oscillation.
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